Patients with heart failure (HF) are more susceptible to cognitive impairment, but the mechanism is still unclear. This study aimed to observe the dynamic changes in brain glucose metabolism and neuronal structure in different stages of HF. An HF rat model was established by ligating the anterior descending branch of the left coronary artery. To simulate acute heart failure (AHF) and chronic heart failure (CHF) in the clinic, relevant laboratory indexes were detected 10 and 60 days after ligation. The results showed that the model rats had systolic HF. Cognitive function was not obviously impaired in 10-day rats with HF, while the memory and learning functions were significantly impaired in 60-day rats with HF. The brain glucose metabolism in 10-day rats compensatorily increased in the prefrontal cortex (PFC), medial PFC (mPFC), cingulate gyrus, and basal ganglia (BG). In contrast, the metabolism of 60-day rats reduced in the PFC and BG. Meanwhile, the neuronal structure slightly changed in 10-day rats with HF, but neuronal karyopyknosis, reduced Nissl bodies, and swollen organelles were found in 60day rats with HF. In conclusion, brain glucose metabolism and neuronal structure showed a dynamic evolution. Rats with AHF were in a compensatory state for increased glucose metabolism and slight neuronal damage. As a result, no significant cognitive impairment was observed. However, rats with CHF had significantly decreased cerebral glucose metabolism and neuronal degeneration, contributing to the cognitive function after HF. Ó 2019 The Author(s). Published by Elsevier Ltd on behalf of IBRO. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
INTRODUCTION
Cardiovascular diseases, especially heart failure (HF), 15 are closely associated with cognitive impairment (Abete 16 et al., 2014) . Different studies demonstrated that 25-17 85% of patients with HF suffered from cognitive decline 18 (Athilingam and King, 2007; Vogels et al., 2007;  19 Harkness et al., 2011) . The combination of HF and cogni-20 tive impairment increases hospitalization and mortality 21 and reduces the quality of life of patients (O'Donnell 22 et al., 2012; Huynh et al., 2016) . Epidemiology and basic 23 research showed that HF might be involved in the pro-24 gression of cognitive dysfunction. Some factors, such as 25 a decrease in cerebral blood flow (de la Torre, 2017), ele-26 vated levels of neurohormones (Chetty et al., 2014) , and 27 increased inflammation (Reichenberg et al., 2001) , con-28 tribute to cognitive impairment after HF. In addition, mag-29 netic resonance imaging (MRI) studies showed gray 30 matter atrophy and white matter hyperintensities 31 (Havakuk et al., 2017) . However, no study has investi-32 gated dynamic changes in brain glucose metabolism 33 and neuronal structure in different stages of HF. The only 34 study on cognitive dysfunction after HF in mice showed 35 no abnormalities in brain glucose metabolism (Hong 36 et al., 2013) , but decreased brain glucose metabolism 37 was found in Alzheimer's disease (AD) and vascular 38 dementia (VD). Therefore, a lot of uncertainties regarding 39 cerebral glucose metabolism still exist in cognitive dys-40 function after HF. Moreover, previous studies did not 41 focus on the acute phase of HF but only on the chronic https://doi.org/10.1016/j.neuroscience.2019.10.008 0306-4522/Ó 2019 The Author(s). Published by Elsevier Ltd on behalf of IBRO. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/). after HF. 48 In this study, congestive HF was induced by the 49 occlusion of the left anterior descending coronary artery 50 in rats. To simulate AHF and CHF in the clinic, relevant 51 indexes were detected 10 and 60 days after ligation. coloration was uneven (Fig. 4) . 359 In the sham group, neurons were arranged in an 360 orderly fashion, clearly stained, and distributed uniformly 361 in the CA1 area of hippocampi. In the model group for disappeared, and the coloration was uneven. Further, the 371 vacuolar degeneration of nuclei was observed in a few 372 neurons (Fig. 4) . 373 The Nissl body count showed no significant difference 374 between the two groups following 10 days of HF 375 (P > 0.05); the number of Nissl bodies in the 60-day Max_T: The maximum t value in each cluster; X: the x-axis, which is negative to the left from the midline and positive to the right; Y: the y-axis, which is positive to the ventral direction relative to the dorsal; Z: the z-axis, which is positive to the olfactory bulb direction relative to the bregma and negative to the cerebellum direction. Fig. 3 . Statistical results of the two-sample t test between the model and sham groups. Schematic diagram of the cross-section of brain tissue for A; cross-section simulation of typical parts of the brain tissue for B; brain tissue PET scan pattern for C (transverse section, coronal plane, and sagittal plane, respectively), with C1 as the sham group and C2 as the model group. Blue indicates that the model group intake was lower than the sham group intake; orange indicates that the model group intake was higher than the sham group intake. P < 0.005, cluster > 100. model group rats reduced significantly (P < 0.01) ( Fig. 4 : Glucose is the main source of brain energy, and 455 disordered brain energy metabolism is closely related to 456 cognitive impairment (Ampadu and Morley, 2015; 457 Havakuk et al., 2017) . The abnormal brain energy meta-458 bolism has a large impact on brain function and even 459 causes irreversible damage (Brabazon et al., 2017) , such 460 as AD and Parkinson's disease (Ahmad, 2013; Meles 461 et al., 2017) . The most advanced method to detect glu-462 cose metabolism in vivo is PET, which is characterized 463 by high sensitivity, specificity, systemic imaging, and 464 safety. This evidence was consistent with regions that 465 showed the loss of gray matter in the clinical research oxidative damage may also results in an increase in amy-578 loid precursor protein (APP) and amyloidbeta protein with 579 a reduction in memory (Hong et al., 2013) . In other hand, 580 the systemic inflammatory state recognised in HF may 581 also contribute to the cognitive impairment.
582
In summary, this study revealed the dynamic evolution 583 of brain glucose metabolism and neuronal structure in 
